ABSTRACT █ MATERIAL and METHODS
█ INTRODUCTION
Petroclival tumor, a kind of deep-seated lesion of the skull base, always involves the petrosal bone and clivus at the same time, and it can also invade the cavernous sinus and the sellar region, and often encases multiple cranial nerves and the blood vessels of the skull base. However, it is always hard to ensure good surgical exposure during operation and the tumor is difficult to resect completely. Sometimes even severe postoperative complications may occur. It is therefore one of the most arduous challenges in neurosurgery. From October 2010 to July 2013, 28 cases of petroclival tumor were resected via the subtemporal transtentorial approach in our department. The intraoperative and postoperative complications and surgical outcomes of these patients were collected and reviewed.
Imaging
The preoperative imaging examination must include contrastenhanced magnetic resonance imaging (MRI) in order to understand the tumor's location, extension direction, and evaluate the relationship between the tumor and surrounding important structures. CT angiography was also performed in some cases to evaluate the blood supply of the tumors. The clivus was divided into the upper clivus, middle clivus and lower clivus by two anatomical markers, Dorello's canal and the nerve part of the jugular foramen (6) . The tumor was located at the upper clivus and petrosal apex in 11 cases, upper-middle clivus in 17 cases, there was extension to the parasellar and cavernous sinus in 15 cases, and brainstem compression was observed in all 28 cases. The longest diameter of the tumors was between 2.5 cm to 5.6 cm, and the average 3.8 cm.
Surgical Technique
The patients were placed supine, with a pad under the ipsilateral shoulder. The head was rotated to the contralateral side and secured in a Sugita head holder, keeping the zygomatic arch horizontal to the floor. A subtemporal transtentorial approach was used through temporal flap craniotomy, and the inferior margin of the bone window should be down as far as possible to the bottom of the middle cranial fossa. If the mastoid air cell is opened during the craniotomy, it should be sealed completely by bone wax. The temporal lobe should be carefully retracted to expose the free margin of the tentorium, and we especially need to pay attention to protect the vein of Labbé. If necessary, the temporal pole and inferior temporal gyrus can be resected for better surgical exposure. It is important to incise the perimesencephalic cistern to evacuate the cerebrospinal fluid (CSF) for further exposure. In order to acquire a better exposure of the subtemporal structures, the tentorium was incised parallel to the posterior part of superior petrosal sinus to the free margin of the cerebellum tentorium, and one should be careful to protect the trochlear nerve. After exposure, exploring and coagulating the basal parts of the tumor may contribute to the reduction of the blood supply of the tumor, and then tumor debulking was performed till resected totally, and at the same time carefully identify the relationship between the tumor and the important structures such as the brainstem, vessels, cranial nerve and petrosum. If necessary, the petrosal apex bone and the bone crest of the superior and posterior parts of the internal acoustic meatus can be removed with a high-speed grinding drill to expose the petrosal dorsum, middle-lower clivus and the structures around the internal acoustic meatus.
Criterion of Tumor Resection and Therapeutic Evaluation
The tumor resection criterion was as Yang et al. (8) described according to the intraoperative view and postoperative MRI findings. Total resection: no tumor residual; subtotal resection: tumor residual less than 10%; large partial resection: tumor residual less than 50%, but more than 10%. The removed tumor specimens went through pathological diagnosis as routine. Postoperative symptom remission was observed, and we evaluated whether new neurological deficits appeared.
█ RESULTS
Among the 28 patients, total resection was performed in 22 cases (78.57%), subtotal resection in 5 cases (17.86%), and large portion resection in 1 case (3.57%). In the 20 cases of meningioma, we achieved total resection in 17 cases, subtotal resection in 2 cases, and large portion resection in 1 case. In the 4 cases of trigeminal neurinoma, we achieved total resection in 4 cases; in 3 cases of chordoma, we achieved subtotal resection in the 3 cases; and in 1 case of cholesteatoma we achieved total resection. Compared with preoperative imaging data, the postoperative imaging data were satisfactory ( Figure  1A-D, 2A-D) .
The preoperative symptoms, such as headache, dizziness, facial numbness, diplopia, myodynamia decrudescence, coordination disturbance and so on, all were alleviated in varying degrees. 13 patients suffered from new neurological deficit after surgery, oculomotor nerve dysfunction in 5 cases (17.86%), trochlear nerve dysfunction in 4 cases (14.29%), trigeminal nerve symptoms in 6 cases (21.43%), abducens nerve dysfunction in 4 cases (14.29%), facial nerve dysfunction in 4 cases (14.29%), hemiplegia in 3 cases (10.71%), and aphasia in 2 cases (7.14%). CSF leakage occurred in 2 cases, and was treated by lumbar cistern drainage. Two patients suffered disturbance of consciousness after surgery, one of which underwent decompression craniectomy due to postoperative brain swelling, and another one underwent intracranial hematoma removal surgery due to the postoperative epidural hematoma.
During the 6-24 months post-operative follow up (the mean follow up period was 16.9 months), the neurological conditions were checked by the same neurosurgeon who performed the operation: total recovery of oculomotor nerve function was observed in 3 cases and partial recovery in 2 cases; total recovery of trochlear nerve function was observed in 4 cases; total recovery of trigeminal nerve function was observed in 4 cases and partial recovery in 2 cases; total recovery of abducens nerve function was observed in 3 cases and partial recovery in 1 case; and improvement of facial nerve function was observed in 4 cases. The myodynamia of the 3 cases with hemiplegia all improved to grade IV-V; 2 cases with aphasia completely recovered within 1 month and 6 months (Table I) . Six patients with tumor residual underwent radiotherapy and no recurrence or regrowth were found.
█ DISCUSSION
Over the past decades, resection of petroclival tumor by microsurgery has still been a great challenge to neurosurgeons due to its deep location in the skull base, and the properties of eroding cranial nerves and important vessels, compressing the brain stem, and extending to the cavernous sinus and parasellar region in some of the cases. Several kinds of surgical approaches for resection of petroclival tumors have been developed during the past years, such as transpetrosal presigmoid approach, petrosal approach (divided into retrolabyrinthine, translabyrinthine, transotic, and transcochlear approaches) (2), retrosigmoid approach, subtemporal transtentorial approach, and so on. such as the oculomotor nerve, trochlear nerve, and abducens nerve tightly, sharp dissection should be used to detach the tumor tissue from the nerve, and one can even retain a little of the tumor tissue adherent tightly to the nerve, in order to protect the function of the cranial nerve as far as possible. A petroclival tumor always has a close relationship with the brain stem and it often invades the subarachnoid space, destroys the arachnoid and pia mater, results in the confluence of the brainstem vessels and tumor vessels, and causes brainstem edema. If the brain stem was compressed heavily by the tumor, the tumor should be resected step by step under the microscope, and then the brainstem will be dissected from the tumor gradually. If the tumor capsula adheres tightly to the brainstem, it is not safe to perform total resection, so one should leave a little tumor tissue or capsula on it to avoid of postoperative brainstem edema and vasospasm effectively, and obtain a better outcome for the patients. Sometimes the tumor can invade the cavernous sinus and massive haemorrhage may occur during the operation. So one should cut off the main tumor blood supply vessels in advance and then perform tumor resection, and using gelatin sponge or hemostatic gauze to tamp the tumor cavity can reduce bleeding significantly. For a giant tumor, tumor resection can be performed simultaneously to reduce the tumor volume during the processing of basal parts of the tumor, and the surgical exposure will be better.
█ CONCLUSION
The choice of surgical approach for petroclival tumors should follow the principle of better surgical exposure, shorter approach, maximum nerve function preservation, and fewer postoperative complications. The subtemporal transtentorial approach has the above advantages for resection of petroclival tumors, especially for a tumor at the petrosal apex and upper-middle clival region. Preoperative imaging studies to understand the tumor's location, extension direction, and the relationship with important structures, can be a great guidance to choose the surgical approach. The right choice of surgical approach and neurosurgeon's skilled microsurgery technique are key to a successful operation.
In this study, all the 28 cases of petroclival tumor were treated through a subtemporal transtentorial approach. The total resection ratio was 78.57%, and no patients died perioperatively. Our experience is that the subtemporal transtentorial approach should be a preferred approach for the resection of petroclival tumor, especially for a tumor located at the uppermiddle clival region and petrosal apex.
The main body of the tumor is located in the posterior fossa, and a tumor located lower than the internal acoustic meatus may not suitable to this approach (1, 4) . The procedure of this approach is simpler than the canonical presigmoid approach, and easier to master for the neurosurgeons. It shortens the operation time, and is less affected by anatomic variations of the sigmoid sinus and bulbus venae jugularis (5) . Most of the time, only a small part of the petrous bone needs to be removed to acquire good surgical exposure for the basal parts of the tumor, so that the blood supply of the tumor can be cut off at an early stage, and it is important for reducing bleeding and keeping the operation field clear.
When performing this approach, one should consider that excessive retraction of temporal lobe may lead to brain contusion and increase the risk of venous infarction of the vein of Labbé (7), which can cause brain swelling, hemiplegia and aphasia. The use of the gelatin sponge brain retraction technique (3) can greatly reduce the damage, and can provide better surgical exposure as well, due to its ability of absorbing plenty of CSF. When one places the gelatin sponge to the surface and the surface of the temporal lobe, it can absorb the CSF gradually, and accompany with the temporal lobe was retracted mildly along the form of the cortical surface. After exposure of the free margin of the tentorium, in order to avoid of injury of trochlear nerve, we always choose the incision point of the tentorium one centimeter right behind the position that the trochlear nerve enters into the free margin of the cerebellum tentorium, and then a good exposure can be acquired for the upper clivus, anterolateral brainstem, basilar artery and its bifurcation, and also the cranial nerve III and IV. The middle-lower clivus can be seen clearly, and can reach the posterior cranial fossa to deal with the subtentorial parts of the tumor. If the tumor encases the cranial nerves 
